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Short Pulse Laser Arrangement 

The invention relates to a short pulse laser ar- 
rangement with preferably passive mode-locking and com- 
prising a resonator containing a laser crystal as well 
as a plurality of mirrors, one of which forms a pump 
beam in-coupling mirror and one of which forms a laser 
beam out-coupler, and a multiple reflexion telescope 
enlarging the resonator length, the resonator in opera- 
tion having a positive averaged dispersion for a wave- 
length range concerned. 

Recently, short pulse laser arrangements have been 
of increasing interest, since with a view to the ex- 
tremely short pulse durations in the femtosecond range, 
with pulse peak power of > 1 MW, advantageous applica- 
tions are made possible in research and industry. Thus, 
such short pulse laser arrangements having pulse dura- 
tions in the femtosecond range can be used for a time- 
resolved investigation of the interaction between elec- 
tromagnetic radiation and matter. What is desirable is 
a laser arrangement which generates laser pulses having 
a pulse duration in the range of e.g. 10 fs (femtosec- 
onds) as well as with an energy of 100 nJ, e.g., at a 
pulse repetition rate in the order of 10 MHz. The pulse 
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repetition rate which is comparatively low (in the or- 
der of a few MHz instead of, e.g., approximately 
100 MHz) as compared to earlier laser arrangements in 
the femtosecond range in a conventional titanium- 
sapphire fs- laser is desired because then a higher 
pulse peak intensity can be attained which, for many 
applications, is in the range of larger than 10^"^ W/cm^. 
Purely calculative, such comparatively low repetition 
rates which, vice versa, mean a relatively long pulse 
round- trip time in the laser resonator, entail a corre- 
sponding increase in the length of the resonator, e.g. 
from 2 m to 16 m, thereby increasing the dimensions of 
the laser arrangement. 

Based on an earlier work by D. Herriott et al . , 
''Off-Axis Paths in Spherical Mirror Interferometers", 
Applied Optics, April 1964, Vol. 3, No. 4, pp. 523-526, 
an extension of the pulse round-trip time in a laser 
arrangement by providing a multiple-pass resonator 
part, also termed ''multiple reflexion" telescope, or 
"telescope" in short, has already been proposed, cf . 
e.g. AT-A-763/2002; or S.H. Cho et al . , "Generation of 
90-nJ pulses with a 4-MHz repetition-rate Kerr-lens 
mode-locked Ti:Al203 laser operating with net positive 
and negative intracavity dispersion". Optics Letters, 
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15 April 2001, Vol. 26, No. 8, pp- 560-562; as well as 
A. Poppe et al., "A Sub-10 fs, 2.5-MW Ti: Sapphire Os- 
cillator", Ultrafast Optics 1999, pp. 154-157, Ascona, 
Switzerland (1999) . With such a telescope it becomes 
possible to increase the pulse round-trip time in a 
constructively advantageous manner by multiple passes, 
due to a plurality of reflexions on oppositely arranged 
mirrors, and to thereby reduce the repetition rate, 
e.g. from approximately 100 MHz to a few MHz. By this, 
it is possible to appropriately increase the energy 
portion of the pulse part that is out-coupled per round 
trip, i.e. at an unchanged average output power, a 
markedly increased output pulse energy as well as a 
peak power can be achieved. 

In this respect, however, non-linear optical ef- 
fects proved to be disadvantageous and restrictive, 
which effects occur due to the high peak intensity in 
the laser crystal, and which lead to a splitting of the 
respective high-energy light pulses circulating in the 
resonator into several weaker pulses. This can be coun- 
teracted in that the amount of the (negative) resonator 
dispersion is increased which, however, inevitably will 
lead to a reduction in the attainable band width and, 
thus, to markedly longer pulse durations. On the other 
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hand, it has already been suggested in the previously 
mentioned article by S. Cho et al . , "'Generation of 90- 
nJ pulses with a 4-MHz repetition rate Kerr-lens mode- 
locked Ti:Al203 laser operating with net positive and 
negative intracavity dispersion", to operate the laser 
arrangement at an overall positive dispersion, wherein 
then highly chirped pulses form in the pico-second 
range, i.e. pulses of a markedly reduced peak power. By 
a So-called "compressor" (with prisms, with grids, with 
mirrors or with a combination thereof, respectively) , 
set-up externally, i.e. externally of the resonator, 
the pulses subsequently can be compressed again to 
pulse durations of a few femtoseconds, accompanied by 
an increase in the peak power. According to the said 
document by S. Cho et al., in this state of operation a 
(relatively small) spectral band width of 19 nm and a 
pulse duration of 80 fs has been achieved. A pair of 
prims has been used for the dispersion control within 
the resonator. 

Investigations have shown, however, that for ob- 
taining a larger band width and, therefore, shorter 
pulses, it would be necessary for the net total disper- 
sion in the resonator to be as constant as possible 
over the respective desired spectral range. However, it 
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has been shown that a pair of prisms inevitably also 
introduces a dispersion of higher order (i.e., the dis- 
persion of the 2^^ order (GDD) is not constant over the 
band width) , and that the known arrangement in fact is 
not suitable to generate the shorter pulses and larger 
band widths sought. 

It is now an object of the invention to provide a 
remedy for this and to provide a short pulse laser ar- 
rangement of the initially defined type with which it 
is possible to efficiently achieve the short laser 
pulses sought and the large band width desired. 

The inventive short pulse laser arrangement of the 
initially defined type is characterized in that the ad- 
justment of the positive averaged dispersion of the 
resonator is effected by means of the mirrors of the 
resonator, at least a few of which are designed as dis- 
persive mirrors in a manner known per se. 

By combining various dielectric, dispersive mir- 
rors, it becomes possible in the present short-pulse 
laser arrangement to attain a nearly arbitrary disper- 
sion course over the laser frequencies provided, it be- 
ing known per se, to design the mirrors which are made 
up with a plurality of dielectric layers (the construc- 
tion and effect of which will be explained in more de- 
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tail hereinafter) such that - based on the choice of 
material and the choice of the layer thickness - in 
each case a desired dispersion can be achieved in the 
wave length region in question. Therefore, it is subse- 
quently possible to adjust the total dispersion in the 
resonator, which results from the sum of the dispersion 
values of all the laser components, i.e. from the dis- 
persion of the laser crystal, the air in the resonator, 
the mirrors and any possible additional components, 
such that the total dispersion, averaged over the spec- 
tral range of the pulse spectrum, yields a positive 
value so as to achieve the desired state of operation 
in which the pulses are highly chirped in the resonator 
and, therefore, the peak intensity is lowered. In par- 
ticular, it is also possible over a wide wave length 
range to keep the total dispersion in the positive dis- 
persion range within a tolerance band, so that a com- 
paratively large band width - and thus, an extremely 
slight Fourier-limited pulse duration - is achieved. 
This is enabled in the simplest manner with the disper- 
sive mirrors indicated, wherein individual mirrors 
which each have different dispersion courses with un- 
avoidable fluctuations are combined, depending on the 
aim sought, so as to achieve the desired total disper- 
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sion course/ e.g. over a wave length range of more than 
280 nm. With appropriately designed dispersive mirrors 
exhibiting slight fluctuations in the dispersion behav- 
ior, even larger wave length ranges can be achieved 
with a total dispersion course within the chosen or 
predetermined tolerance limits. 

In order to ensure as large a band width as possi- 
ble, it also proved to be advantageous if the positive 
total dispersion range is chosen such that the averaged 
dispersion is only comparatively slightly positive, ly- 
ing, e.g., in a range of between 0 and 100 fs^, in par- 
ticular in a range of between 0 and 50 fs^. 

For the dispersion control in principle only indi- 
vidual mirrors of the resonator can be employed; to op- 
timally utilize all the possible adjustments, advanta- 
geously all the mirrors of the resonator are designed 
as dispersive mirrors, preferably with negative disper- 
sion. For this reason, moreover, also the mirrors of 
the multiple reflexion telescope are provided as dis- 
persive mirrors, preferably with negative dispersion. 

In many cases it may also prove to be suitable if 
a (small) variable amount of positive dispersion is in- 
troduced in the resonator for a supplementary disper- 
sion fine adjustment, e.g. by means of two closely ad- 
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jacently arranged and oppositely oriented, per se known 
glass wedges. 

To adjust the desired positive net dispersion of 
the resonator, it may in principle also be provided for 
the use of a pair of prisms in combination with the 
dispersive mirrors indicated, even though, as a rule, a 
dispersion control using the dispersive mirrors alone, 
optionally with the aforementioned glass wedges, will 
be preferred. 

For the preferred passive mode-locking (within the 
scope of the invention, in principle also active mode- 
locking would be conceivable) , in the present short 
pulse laser arrangement the per se known ''Kerr- lens 
mode- locking" principle may be provided, yet, as is 
also known per se, also an saturable absorber may be 
provided. The saturable absorber may be arranged in the 
beam path in the resonator, yet preferably also an end 
mirror of the resonator may be provided as saturable 
absorber-reflector . 

The inventive short pulse laser arrangement may 
particularly advantageously be employed in the field of 
material processing, where in the course of the in- 
creasing miniaturization, the finest structures must be 
fabricated with exactness and at a high speed. The pre- 
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sent short pulse laser arrangement which allows for a 
high output pulse energy and a high repetition rate can 
be ideally employed for this, wherein it proves par- 
ticularly advantageous that with the present short 
pulse laser arrangement working slightly above the de- 
struction threshold (i.e. the threshold energy for ma- 
terial destruction) is possible, wherein due to the 
said high repetition rate and the plurality of the 
pulses delivered a high ablation rate and, neverthe- 
less, fine processing can be achieved. 

In the following, the invention will be further 
explained by way of preferred exemplary embodiments il- 
lustrated in the drawings, without, however, being re- 
stricted thereto. Therein, 

Fig. 1 diagrammatical ly shows the structure of a 
short pulse laser arrangement with telescope according 
to the invention; 

Fig. 2 shows such a short pulse laser arrangement 
as arranged on a mounting plate, wherein also coupling- 
in and out-coupling of the laser beam in the region of 
the telescope is schematically illustrated; 

Fig. 3 shows the course of dispersion of a pair of 
prism according to the prior art in a diagram; 

Fig. 4 in two curves A, B shows the course of dis- 
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persion with an inventive short pulse laser arrangement 
(curve A) , and with a laser arrangement according to 
the prior art, respectively, with so-called fused sil- 
ica prisms for introducing a negative dispersion in the 
resonator (curve B) ; 

Fig. 5 shows an autocorrelation measurement result 
with the signal intensity, in arbitrary units, versus 
time (also in arbitrary units) in a diagram; and 

Fig. 6 shows a spectrum belonging to this measured 
autocorrelation according to Fig. 5 in a diagram. 

In Fig. 1, a short pulse laser arrangement 11 is 
schematically illustrated, in which e.g., the per se 
known Kerr-lens mode-locking principle is used for gen- 
erating the short pulse. 

The laser arrangement 11 of Fig. 1 comprises a 
resonator 12, to which a p\imp beam 13 is supplied from 
a pump laser, e.g. from a frequency-doubled solid la- 
ser. The pump laser itself has been omitted in Fig. 1 
for the sake of simplicity and is part of the prior 
art. 

After having passed a lens Ll and a dichroic mir- 
ror Ml, the pump beam 13 excites a laser crystal 14, a 
titanium: sapphire (Ti:S) solid laser crystal in the pre- 
sent example. The dichroic mirror Ml is permeable for 
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the pump beam 13, yet highly reflective for the Ti:S 
laser beam. This laser beam 15, the resonator beam, 
then impinges on a laser mirror M2 and is reflected by 
the latter to a laser mirror M3 . This laser mirror MB 
again reflects the laser beam to a laser mirror M4, and 
from there the laser beam 15 is reflected back to the 
laser mirrors M3, M2 and Ml, passing the laser crystal 
14 a second time. This resonator part with the mirrors 
M2, M3 and M4 forms a so-called short resonator arm 16- 

From mirror Ml, the laser beam 15 is then re- 
flected to a laser mirror M5, and from there to a laser 
mirror M6 as well as to a further laser mirror M7, 
whereby a second, long resonator arm 17 is formed. From 
the laser mirror M7, the laser beam 15 gets into a 
telescope 18 merely schematically shown in Fig. 1, and 
from there it gets to an end mirror serving as an out- 
coupling mirror OC. Via this out-coupling mirror OC, a 
part of the laser beam 15 is coupled out with the pro- 
vision of a compensation possibility, a compensation 
platelet CP being shown in Fig. 1 by way of example. 

The laser crystal 14 is a plane-parallel body 
which is optically non-linear and forms a Kerr element 
which has a larger effective optical thickness for 
higher field strengths of the laser beam 15, yet has a 
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smaller effective thickness where the field strength, 
or intensity, respectively, of the laser beam is lower. 
This per se known Kerr effect is utilized for self- 
focusing of the laser beam 15, i.e. the laser crystal 
14 forms a focusing lens for the laser beam 15. Mode- 
locking may, moreover, be realized in a per-se conven- 
tional manner, e.g. by means of an aperture not further 
illustrated in Figs. 1 and 2 (cf. e.g. AT 405 992 B) ; 
it would, however, also be conceivable to design one of 
the end mirrors, e.g. M4, as saturable Bragg reflector, 
or saturable absorber, respectively, and thus to employ 
it for mode-locking. 

The mirrors Ml, M2 ... M7 are carried out in thin 
film technique, i.e. they are each made up of many lay- 
ers which exert their function during the reflection of 
the ultra-short laser pulse which has a large spectral 
band width, and introduce a ''tailored" dispersion. 
These mirrors either utilize resonant processes (Gires 
Tournois Interferometer, GTI) , or they are so-called 
chirped mirrors. With these, the different wave length 
components of the laser beam 15 penetrate to different 
depths into the layers of the respective mirror before 
they are reflected. By this, the different wave length 
components are delayed differently long at the respec- 
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tive mirror; the short-wave components are reflected 
further outwardly, e.g. (i.e., towards the surface), 
whereas the long-wave components are reflected deeper 
within the mirror. By this, the long-wave components 
are temporally delayed relative to the short-wave com- 
ponents. In this way, a dispersion compensation is ob- 
tained insofar as pulses which are particularly short 
in the time range (preferably in the range of 10 fs or 
below) have a broad frequency spectrum; this is due to 
the fact that the different frequency components of the 
laser beam 15 in the laser crystal 14 **see" a different 
refraction index, i.e. the optical thickness of the la- 
ser crystal 14 is differently large for the different 
frequency components, and the different frequency com- 
ponents therefore are differently delayed when passing 
through the laser crystal 14. This effect is counter- 
acted by the aforementioned dispersion compensation on 
the thin film laser mirrors Ml, M2 ... M7 . 

As has already been mentioned, in operation, dur- 
ing each round- trip of the laser beam 15 in the short 
resonator arm 16 as well as in the long resonator arm 
17, a part (e.g. 30%) of the laser pulse is out-coupled 
by means of the out-coupling mirror OC. In practice, 
the length of a laser resonator 12 may be approximately 
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2 m without telescope 18, whereas e.g. a repetition 
rate corresponding to a frequency of 75 to 100 MHz, 
e.g. 80 MHz, is achieved. In order to attain a higher 
pulse peak power, i.e. pulse energy, by increasing the 
round- trip time and, thus, by reducing the repetition 
rate, for instance with a view to using the laser ar- 
rangement 11 for material processing, the length of the 
laser resonator 12 is increased by installing the tele- 
scope 18. In case of an eight-fold increase of the to- 
tal resonator length, i.e. for instance with a resona- 
tor length of approximately 15 m or 16 m, the repeti- 
tion rate may then be at approximately 10 MHz, e.g.. To 
obtain these long path lengths for the laser pulses, a 
mirror arrangement is provided in the telescope 18 so 
as to attain a multiple reflexion of the laser beam 15 
so that the construction length of the telescope 18 can 
be shortened in accordance with the multiple reflex- 
ions . 

In Fig. 2, such a laser arrangement 11 according 
to Fig. 1 provided on a rectangular mounting plate 19 
is schematically illustrated, which plate has a size of 
e.g. 900 mm x 450 mm. On this mounting plate 19, the 
part 20 of the laser resonator 12 framed in broken 
lines in Fig. 1 is attached encapsulated in a housing, 
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and furthermore, also the piimp laser 21 is arranged on 
the mounting plate 19, from which the pump beam 13 is 
supplied to the laser resonator 20 via two mirrors 22, 
23. From this resonator part 20, the laser beam 15 
emerges in the direction of the laser mirror M6, from 
which it is reflected to laser mirror M7, as described 
before. From there, the laser beam 15 gets into the 
telescope 18, wherein a coupling-in mirror 24 is ar- 
ranged in the telescope 18, e.g. in a housing, in one 
of the several beam paths between two oppositely ar~ 
ranged telescope mirrors 25, 26. This coupling-in mir- 
ror 24 reflects the laser beam 15 to the one - in Fig. 
2 left-hand - plane telescope mirror 25 which then re- 
flects the laser beam 15 to the oppositely arranged, 
concavely curved telescope mirror 26. Between these two 
telescope mirrors 25, 26, the laser beam 15 is then re- 
flected back and forth several times, e.g. eight times, 
wherein on the concavely curved telescope mirror 26 a 
total of 8 reflexion points in this example, corre- 
sponding to the eight laser beam reflexions, are pro- 
vided on an imaginary circle line around the center of 
the concave mirror 26, which, moreover, is explained in 
more detail in AT-A-763/2002 . 

Finally, the laser beam 15 is out-coupled from the 
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telescope 18 by means of a telescope out-coupling mir- 
ror 27 arranged in the vicinity of the coupling-in mir- 
ror 14 and in the same beam path as the latter, said 
out-coupling mirror reflecting the laser beam 15 to a 
further mirror 28, and from there the laser beam 15 
gets to the out-coupling mirror OC via a mirror 29. 
These mirrors 28, 29 (and, likewise, the mirrors 22 to 
27) are not further illustrated in the schematic illus- 
tration according to Fig. 1 for the sake of simplicity. 

An important aspect in a short pulse laser ar- 
rangement with an extended laser pulse round trip time 
is the stability of the laser oscillation, wherein an 
appropriate adaptation must be carried out with a view 
to the images of the laser beam cross-section caused by 
the individual mirrors. A further significant aspect 
which is particularly important for industrial applica- 
tions, i.e. in case of material processing, is the com- 
pactness of the laser device 11; the aforementioned di- 
mensions of, e.g., 900 mm x 450 mm, correspond to con- 
ventional laser devices for industry, wherein, here, 
however (cf. Fig. 2), the telescope part 18 - which may 
also form a separate construction unit - is addition- 
ally installed, so that the desired longer round-trip 
times of the laser beam 15 and, thus, the higher pulse 
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energies can be achieved without an enlargement of di- 
mensions. What is sought is pulse energies in the order 
of several hundred nJ instead of less than 10 nJ, as 
has previously been the case. Thus, peak pulse outputs 
of more than 2 MW can be attained. 

In practice, however, it has been shown that due 
to the high peak intensities, non-linear optic effects 
occur in the laser crystal which have proven to be re- 
strictive for the desired effect of achieving an in- 
creased output pulse energy, or peak output, respec- 
tively, at a constant average output power. In particu- 
lar, the said non-linear optic effects lead to a split- 
ting of the high-energetic laser pulses circulating in 
the resonator of the laser arrangement into several 
pulses of lower intensities each. To counteract this, 
an operation of the laser oscillator, or laser resona- 
tor, respectively, in a net-positive dispersion range 
is suitable, in which case highly chirped pulses will 
form in the pico- second range which have a markedly re- 
duced peak power. In the prior art (cf. S. Cho et al., 
as indicated at the beginning) it has been suggested in 
this context to compress again the laser pulses subse- 
quently to pulse durations of a few fs externally of 
the resonator, in a ''compressor" made up by means of 
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prisms, grids or mirrors, or a combination thereof, re- 
spectively, with the peak power being increased again 
accordingly. For an overall adjustment of the disper- 
sion in the resonator, a pair of prisms has been used 
according to this prior art. 

However, it has been shown that for attaining 
shorter pulses and, therewith, a larger band width, it 
is necessary that the entire dispersion in the resona- 
tor is kept as constant as possible over the respective 
spectral range (i.e. the respective band width), 
wherein it is furthermore advantageous if the entire 
dispersion is only slightly positive, i.e. is only lit- 
tle above zero, in particular amounts to only a few 
10 fs^. However, a resonator provided by a pair of 
prisms, as found in the prior art, will of necessity 
cause a dispersion of higher order, so that the desired 
constancy over the band width sought cannot be 
achieved. This is apparent from the illustration in 
Fig. 3, in which the dispersion course of a compressor 
realized with prisms of fused silica is shown. It can 
be seen that in a wave length range of from 700 nm to 
900 nm, the dispersion GDD (GDD - group delay disper- 
sion) is from below -250 fs^ to slightly below -50 fs^, 
a maximum of above -50 fs^ being found at approximately 
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850 nm. Thus, in the spectral range indicated, the 
fluctuation of the GDD is more than 200 fs^. With such 
a course of the dispersion it is not possible to pro- 
duce the short laser pulses sought. 

In the present short pulse laser arrangement 11, 
however, a dispersion adjustment is effected by means 
of various dielectric mirrors, e.g. Ml to M7, option- 
ally also the telescope mirrors 26, 27 etc., wherein 
dispersive mirrors of appropriate construction in terms 
of layer structure and layer thicknesses, which are 
known per se, are combined together with the remaining 
elements of the laser arrangement 11 to thereby adjust 
the desired positive net dispersion of the entire reso- 
nator 12. In doing so, the dispersion is kept within a 
band range of from 0 to 100 fs^, preferably from 0 to 
50 fs^, as schematically illustrated in the hatched re- 
gion in Fig. 4, wherein curve A illustrates the disper- 
sion course in a practical exemplary embodiment of the 
invention. For the purpose of a comparison, in Fig. 4 
by means of a curve B also the dispersion course is 
shown which is obtained when, according to the prior 
art, a pair of prisms is used for the dispersion con- 
trol (cf. S. Cho et al.). In combination with the re- 
maining components of the laser resonator 12, the pair 
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of prisms whose dispersion course is schematically il- 
lustrated in Fig. 3 gives rise to the net dispersion 
course shown by curve B, it being visible that only 
over a band width of approximately 180 nm the disper- 
sion is within the range sought, i.e. between 0 and 
50 fs^. On the other hand, the dispersion according to 
curve A is within the band sought, i.e. from 0 to 
50 fs^, in the entire spectral range illustrated, from 
680 nm to 960 nm, i.e. within a band of at least 
280 nm, as a rule even in a larger band. As regards 
curve B, is must additionally be said that the prisms 
of fused silica are already characterized by a rela- 
tively slight dispersion of higher order and, there- 
fore, must already be considered as optimized, wherein, 
however, the result still is substantially poorer than 
it is in case of the inventive dispersion adjustment by 
means of the dispersive mirrors. 

The use of dispersive mirrors for a dispersion 
control yields the required negative dispersion within 
the resonator 12 to balance out the positive dispersion 
introduced by other components. Thus, e.g., the laser 
crystal 14 introduces a positive dispersion, just as 
does the air contained in the resonator 12. Optionally, 
as illustrated in Fig. 1 by way of example, two vari- 
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able, i.e. adjustable, glass wedges 30 may be arranged 
in the resonator 12, e.g. in front of the telescope 18, 
to provide for an additional positive dispersion, 
wherein these two glass wedges 30 may be made of fused 
silica . 

At the present short pulse laser arrangement 11, 
in order to compress the pulses again to pulse dura- 
tions of a few fs, after they have been chirped in the 
resonator, an external '^compressor" 31 is provided, as 
is visible in Figs. 1 and 2, which also is mounted on 
the mounting plate 19 (cf. Fig. 2), which, however, may 
also form a separate construction unit, similar as 
telescope 18. In Figs. 1 and 2, this ''compressor" 31 
which is made up with prisms 32, 33 is schematically 
indicated. As can be seen in detail, the laser beam 
which has been out-coupled via the out-coupling mirror 
OC is reflected at a mirror 34 to a mirror 35 which, in 
turn, reflects the laser beam to the two aforementioned 
prisms 32, 33, where the laser beam at first is fanned 
during its forward travel (towards the left according 
to the illustrations in Figs. 1 and 2), until it is re- 
flected at an end mirror 36. During the return travel 
of the laser beam through the prisms 33 and 32, the la- 
ser beam, which previously has been broadened due to 
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the different wave lengths in the spectriom and due to 
the different travel times associated therewith, is 
bundled again, wherein its course is somewhat offset 
relative to the forward traveling laser beam and by 
this is out-coupled past the mirror 35, as indicated by 
an arrow 37 in Fig. 1. 

In a concrete exemplary embodiment, the dispersion 
values indicated in the following table have been ob- 
tained for the individual elements, and for the entire 
resonator 12, respectively, at the indicated wave 
lengths of 700 nm, 800 nm and 900 nm. 



Table 





Laser Crystal 14 


Air 


Telescope 
18 


Olass 
Wedges 30 


Dispersive 
Mirrors 


Total 


700nm 


+430fs' 


+669fs^ 


-1690fs' 


+1078fs' 


-447fs' 


+40fs^ 


800nm 


+348fs^ 


+562fs^ 


-1460fs^ 


+865fs^ 


-297fs' 


+18fs^ 


900nm 


+277fs^ 


+486fs^ 


-ISlOfs" 


+682fs" 


-74fs' 


+9fs" 



In the example considered here, a Ti: Sapphire 
crystal having a thickness of 3 mm was used as the la- 
ser crystal 14, which means that after two round trips, 
as described above, a total thickness of 6 mm must be 
taken into consideration. Besides, these two round 
trips from the out-coupling mirror OC until its return 
to the out-coupling mirror OC also hold for all other 
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elements . 

In the exemplary resonator 12 with a 10 MHz repe- 
tition rate, there was a length of 15 m per round trip 
so that a corresponding dispersion by the air in reso- 
nator 12 had to be taken into consideration. 

In telescope 18, eight reflexions each per pass 
and per telescope mirror 25, or 26, respectively, had 
to be taken into consideration. 

The glass wedges 30 in resonator 12 which addi- 
tionally introduce a positive dispersion had a thick- 
ness of 12 mm, i.e. a total of 24 mm had to be consid- 
ered for the two passes. 

For a dispersion adjustment, furthermore, espe- 
cially six dispersive mirrors M6, M7, 24, 27, 28 and 29 
were used which were of an appropriate mirror design. 

In Fig. 5, in a diagram of a signal autocorrela- 
tion measured in an actual test set-up, the signal in- 
tensity (in an arbitrary unit) over time (also in an 
arbitrary unit) is shown, a pulse duration of 27 fs be- 
ing calculable therefrom. 

In Fig. 6, an associated spectrum is illustrated, 
wherein again the signal intensity is shown in an arbi- 
trary unit, now above the wavelength X in nm. 

The pulse energy achieved in this example was 

{00766283.1}- 23 - 



higher than 200 nJ, this being so at a repetition rate 
of 11 MHz, with a wavelength range AX of approximately 
40 nm. 
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